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Dr. Maragò Onofrio
Prof.ssa Mezzasalma Angela Maria
Prof. Micali Norberto
Prof. Neri Fortunato
Prof. Neri Giancarlo
Dr.ssa Orecchio Barbara

Prof. Patanè Salvatore
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Dottorati di Ricerca in Italia, in Europa e nel Mondo

L. Torrisi

Coordinatore del Dottorato di Ricerca in Fisica dell’Università degli Studi di

Messina

Oggi il dottorato di ricerca non è più la scuola degli aspi-

ranti accademici, ma può rappresentare una credenziale per

accedere al mercato del lavoro non universitario. In questo

senso, esso rappresenta un investimento remunerativo per i

laureati, preferibile rispetto all’ingresso immediato nel merca-

to del lavoro: un investimento in alta formazione post-laurea,

che secondo la teoria del capitale umano dovrebbe compor-

tare un premio occupazionale, visto che sempre più spesso i

dottori di ricerca si immettono in un mercato del lavoro do-

ve sono presenti soggetti con titoli di studio inferiori. Nel

2010 in Europa hanno conseguito il dottorato di ricerca circa

125.000 studenti (a fronte di una popolazione di 500 milio-

ni), negli Stati Uniti 70.000 studenti (con una popolazione

di 300 milioni) e 16.000 studenti in Giappone (popolazione

di 130 milioni) [1]. Il tema dei percorsi di dottorato è di

centrale importanza perché, come recentemente ribadito anche dal rapporto della Organisation for Economic

Co-operation and Development (OECD) Education at a Glance 2013 [2], i dottorati di ricerca giocano un ruolo

cruciale nel guidare l’innovazione, la ricerca e la crescita economica e sociale dei vari paesi industrializzati. Le

Università, le aziende, le imprese ed i laboratori di ricerca sono attratti dai Paesi che fanno di questo livello di

alta formazione professionale e di preparazione alla ricerca scientifica un’opportunità facilmente raggiungibile.

Gli studiosi che raggiungono questo elevato livello di formazione beneficiano generalmente di posizioni lavorati-

ve di rilievo e di coordinamento, di accesso alle professioni universitarie, di salari più elevati e di un più facile

ingresso nell’occupazione lavorativa di ampio spettro, in accordo con gli indicatori internazionali presentati

dai dati OECD [2]. Partendo quindi proprio dai dati statistici pubblicati dall’OECD per i paesi europei ed

intercontinentali, possono farsi dei confronti dai quali emerge subito una certa di�coltà dell’Italia per quanto

concerne l’alta formazione post-laurea e di ricerca. Il grafico di Fig. 1 riguarda la percentuale di studenti che

proseguono i loro studi fino al conseguimento del dottorato di ricerca. Germania, Svizzera e Slovenia, per esem-

pio, mostrano che circa 1 studente ogni 20 (5%) entra in programmi di ricerca avanzati promossi da dottorati

di ricerca, contro il 2% italiano. L’Argentina, il Cile, il Messico, la Spagna e la Turchia, invece, mostrano

che meno di uno studente su 100 ha accesso ai corsi di dottorato di ricerca. Parecchi paesi stanno sviluppando

programmi di dottorato per attrarre studenti di provenienza internazionale ovvero studenti che vanno a studiare

fuori dei loro paesi di provenienza acquistandosi cos̀ı il ruolo di paesi leader nel campo della ricerca scientifica e

dell’innovazione, come accade per la Svizzera, la Repubblica Ceca, il Regno Unito, ed altri paesi europei ed ex-

traeuropei. Mediamente l’Italia si colloca al 21! posto su 32 nazioni riportate in figura. Da sottolineare, inoltre,

che a di↵erenza della maggior parte degli altri Paesi, manca da noi una banca dati sull’età media di ingresso nei

percorsi dottorali e sul numero di studenti di provenienza internazionale che intraprendono un dottorato in Italia.

1
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Figura 1:

Se si guarda poi ai valori assoluti dei singoli Paesi riportati da Eurostat [3], l’Italia conta poco più di 38

mila dottorandi mentre, per esempio, la Gran Bretagna, con una popolazione simile alla nostra, ne ha ben 85

mila, la Francia 71.500 e la Spagna 70.500. Se poi ci si so↵erma sul numero dei dottorandi ogni 1.000 abitanti si

scopre che l’Italia, che ha 0,6 dottorandi ogni 1.000 abitanti, si colloca agli ultimi posti, risultando dietro anche

a Paesi come la Grecia (2), l’Irlanda (1,9) e il Portogallo (1,6), come evidenziato nel grafico di Fig. 2 che riporta

il numero di dottorandi per ogni 1000 abitanti per una serie di paesi europei. Ogni anno sono comunque oltre

12.000 gli studenti universitari che intraprendono la strada del dottorato di ricerca in Italia, ma non bisogna

dimenticare che solo 4 anni fa erano ben 13.147: nel corso degli ultimi anni, infatti, abbiamo assistito a una

costante diminuzione di fondi (e quindi di borse di studio) per i dottorati di ricerca. Basti pensare che per

l’anno accademico 2008/2009 furono stanziate risorse economiche per la copertura di 5.045 borse (XXIVciclo),

mentre negli ultimi anni accademici si è riusciti a coprirne solo 3.804 (XXVIII ciclo) con una diminuzione

complessiva del -24.33 % [4]. Fin da subito emergono quindi alcuni ritardi da parte dell’Italia, infatti, abbiamo

meno dottorandi, sia in termini assoluti sia in rapporto alla popolazione complessiva, rispetto ai nostri principali

competitori europei. Inoltre ci distinguiamo in senso negativo anche per l’assenza di un database aggiornato e

completo in grado di fotografare appieno la situazione. Il Decreto Ministeriale n. 45/2013 sembra sanare questo

deficit attraverso la creazione dell’anagrafe nazionale dei dottorati di ricerca, in corso di attuazione tramite il sito

http://dottorati.miur.it/ secondo delle precise indicazioni per l’inserimento dei dati. Nella maggior parte dei

casi lo studente italiano meritevole si laurea con un corso universitario quinquennale (Triennale + Magistrale)

a circa 23-24 anni e spende i prossimi tre anni in un Dottorato di Ricerca conseguendo il titolo a circa 27

anni. A↵ronta quindi un impiego post-doc ad età inferiore ai 30 anni, anche se una grossa percentuale di

studenti intraprende il periodo post-doc attorno a 30 anni compiuti. Nonostante questo quadro per il nostro

Paese, è comunque interessante registrare il dato contenuto nell’ultimo rapporto Almalaurea (XV indagine 2012

2
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Figura 2: Numero dottorandi ogni 1000 abitanti - Terza indagine ADI su Dottorato e post-Doc, 2013

Almalaurea, pubblicata a marzo 2013, sulla condizione occupazionale dei laureati, p. 144): oltre il 67% dei

laureati specialistici a tre anni dalla laurea, senza considerare i laureati dei corsi a ciclo unico, ha intrapreso

una qualche attività di formazione post-laurea: il 28% ha maturato un’esperienza di stage in azienda; il 20%

ha seguito tirocini o praticantati; il 12% master di primo o secondo livello; il 7% scuole di specializzazione; il

10,5% un dottorato; il 9% master non universitari o corsi di perfezionamento; un altro 9% corsi di formazione

promossi da enti pubblici. Un dato, quindi, che conferma l’interesse degli studenti italiani nel proseguire gli

studi e di specializzarsi ulteriormente in un determinato ambito dopo il conseguimento della laurea, a conferma

della veridicità dell’a↵ermazione iniziale dell’OECD sull’importanza strategica dei percorsi di alta formazione

post-laurea.

Il Consorzio interuniversitario AlmaLaurea, composto da 72 atenei italiani, nato nel 1994, si pone essenzial-

mente di raggiungere due finalità [5]:

1. raccogliere, per conto degli atenei, informazioni e valutazioni dai laureati cos̀ı da conoscerne il percorso

universitario e la condizione occupazionale, o↵rendo attendibili indicazioni sul destino del capitale umano

formato. I risultati che ne derivano, forniti agli Organi di Governo degli Atenei aderenti, indirizzano la

programmazione delle attività di formazione e rispondono alle richieste avanzate dal MIUR relative ai

requisiti di trasparenza (DM n. 544/2007 e DD n. 61/2008);

2. rendere disponibili online i curriculum dei laureati, per agevolare l’incontro fra domanda e o↵erta di lavoro

all’interno del mercato del lavoro.

La Fig. 3 mostra l’andamento dei dottori di ricerca in Italia per anno accademico in valore assoluto secondo

la fonte Istat-Miur. Occorre comunque proseguire nella strada tracciata dalle migliori pratiche europee anche

in questo ambito: da un lato considerando questo settore come un investimento strategico per lo sviluppo e la

crescita del nostro Paese; dall’altro favorendo alcune possibili liberalizzazioni, cos̀ı come iniziato a fare dallo

stesso D.M. n. 45/2013, al fine di permettere la sperimentazione di nuove forme e modalità di fare dottorato. È

forse proprio questo il più pesante gap, non tanto insu�cienti risorse economiche, ma un sistema amministrativo

e burocratico che rende di�cile competere a pari livello con le altre nazioni. La speranza è dunque quella che il

nostro governo ed il MIUR in particolare possano finanziare meglio tutti quei dottorati di ricerca che superano

positivamente le valutazioni VQR incrementando il numero di borse disponibili per studenti italiani e stranieri

3
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Figura 3: Andamento dei dottori di ricerca in Italia per anno accademico in valore assoluto (Ista-Miur)

da un lato, mentre dall’altro la speranza è quella che l’occupazione giovanile possa risollevarsi per dare maggiore

spazio ai professionisti che escono col titolo di Dottore di Ricerca dai Nostri Atenei.
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Wet ability measurements of human blood on hemocompatible
substrates

C. Scolaro1 and L. Torrisi 1

1Dipartimento di Scienze Matematiche e Informatiche, Scienze Fisiche e Scienze della Terra, viale F. Stagno d’Alcontres
31, Messina, Italy

E-mail: cscolaro@unime.it

Abstract

The biomaterials are of the substance of natural or synthetic origin which may be used in biomedical applications. They

must have a good chemical stability, no toxicity, not cause rejection phenomena, good characteristics of mechanical

strength, corrosion resistance, density similar to biological tissues and ability to be sterilized without degradation. The

wettability of di↵erent liquids biologic of di↵erent biocompatible materials actually used in orthopaedic, dental and

cardiovascular applications, with particular attention to biocompatible carbon surfaces were investigates.

Keywords: wettability, viscosity, surface tension, density, blood, carbons.

Introduction

The use of materials for the replacement of parts
of the body in recent decades has had a development
in many di↵erent applications (orthopedics, cardi-
ology, ophthalmology,. . .)[1].This development was
possible thanks to the strong increase in knowledge
about the interactions between living organisms and
materials. The use of prosthesis within the body for
replacement of tissues or organs is much safer and
gives much better results as clear and predictable
are these interactions. It is not just a problem of
tolerance of the material by organism but also of
functionality [2]. A biomaterial must be able to in-
teract with the tissues, and perform the functions
for which it was designed. Among the e↵ects of the
biomaterial on the biological environment, particu-
lar interest are those which are expressed in contact
with the blood. Among these is in the first place the
alteration of coagulation factors, indeed, the nature
of the material influences the rate of blood clotting
in direct contact [3]. Attempts to use bio-materials
based on carbon for the production of implantable
devices in di↵erent positions and critical functions,
particularly in cardiovascular prostheses, date back
to the beginning of bioengineering. Carbons exhibit
excellent compatibility with tissues. Carbons can
be made in many allotropic forms: crystalline dia-
mond, graphite, noncrystalline glassy carbon, and
partially crystalline (now referred to as icosahedral)
pyrolytic carbon. All materials consisting of carbon
used in biomedical applications have a structure al-
most crystalline said turbo static [4]. The pyrolytic
carbon is a material of physical great interest in the

cardiovascular field for his compatibility with blood
[4]. The deposition technology allows to obtain a
piece of graphite coated by a deposit of pyrolytic
carbon often less than 1 mm. The presence inside
the deposit of pyrolytic carbon of very hard carbides,
increases the mechanical properties of the deposit it-
self, in particular the hardness and wear resistance.
In this work the wettability of liquids biologic (saline
solution, blood, vitamin E (↵ tocopherol acetate))
on di↵erent types of carbon and on di↵erent biocom-
patible materials (alumina, silica, zirconia, titanium,
steel, niobium, aluminum, polymethylmethacrylate,
polyethilene, polysterene), used in orthopaedic, den-
tal and cardiovascular applications, were measured.

Table 1: Properties of di↵erent types of carbon [5]

Material and Methods

Di↵erent inorganic materials have been selected
for the characterization of the wettability of hu-
man blood: Silica (SiO2, amorphous, 10x8x1 mm
plates), Alumina (Al2O3, gamma structure, 10x8x1
mm plates, Expert System Solutions S.r.l.), Titanium
(Ti-cp, commercially pure, grade 2, 10 mm diameter,

7
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2mm thickness disks, Titanium Consulting and Trad-
ing), Steel (316L, 15 mm diameter, 2mm thickness
disks), Polyethylene (PE, 15x15x1mm plates), Poly-
methylmethacrylate (PMMA, 10x5x2 mm plates),
Polystyrene (Ps, 15x15x1 mm plates). Also the wet-
tability of Ultra Pure Carbon (40 g/cm2, 70x50x2
mm plates),Graphite (20x20x5 mm plates), Glassy
Carbon (20x10x1 mm plates) and Pyrolytic Carbon
(10x10x1 mm plates) were investigated with three
di↵erent body fluids: human blood, saline solution
and vitamin E (↵ tocopherol acetate). Contact an-
gle measurements were carried out according to the
sessile drop technique that consists in the measure of
the contact angle between the tangent to the profile
of a drop, deposited on the sheets surface, and the
surface itself [5]. The saline solution was obtained by
dissolving 18 gr of NaCl in 50 ml of distilled water.
The blood considered for this experiment is human
blood taken from a healthy volunteer; it was taken in
a laboratory of clinical analyzes and then stored in
the original sterile tube (BD Vacutainer K3E) with
5.4mg Ethylenediaminetetraacetic acid (EDTA) at a
temperature between 2�-6�C. The liquid solution of
EDTA binds calcium ions thus inhibiting the coag-
ulation cascade, preserving the blood. In order to
avoid the possible deterioration of blood, the mea-
surements of contact angle were performed within 5
days from donation. Before the experiment, the tube
were agitated to homogenise the solution and for a
long time, until the room temperature was reached
[6]. TheVitamin E, ↵-tocopherol acetate, C31H52O3,
is of BioChemika, purity 97%. Temperature mea-
surements for this study were obtained using Sika
Electronic digital thermometer (TS 9180). At a tem-
perature of T = 22� C, a relative humidity (RH) =
35%, and at P = 1 atm, with the calibrate syringe,
were filed gently drops of liquids test of (1µL) on
the horizontal face and perfectly flat of the sam-
ple. Six measurements of contact angle on drops of
liquids test on di↵erent points of each sample were
performed; subsequently the average value was calcu-
lated. The reproducibility of contact angle readings
is ± 2�. The three used fluids were physically charac-
terized by density, surface tension and viscosity tests,
detailed in the following. The density of the solutions
were measured by a weighing a known volume drop
taken by a syringe and using an electronic balance
(Kern KB 120-3N, max 121gr, d=0.001gr). Ten in-
dependent measurements were taken and averaged.
Surface tension measurements were performed by the
method of the dropper. The measurements were car-
ried out at room temperature and relative humidity
(of T=22� C, H.R.=35%, respectively), by dripping
slowly from a dropper of radius of 1.2 mm, liquids

test, on an electronic balance (Kern KB 120-3N, max
121gr, d=0.001gr) by determining the weight of 15
drops [7]. The density, surface tension and viscosity
of the blood depend on the hematocrit ( Ht) [8]. In
our measurements Ht value was of 39.3%. Measure-
ments of viscosity relative to the distilled water were
performed at 22�C by using a glass pipe and mea-
suring the time of outflow of a known value of the
solution. The physical properties of the liquids test
used are summarized in the Table 2.

Table 2: Physical properties of liquids used for
wet ability measurements at T=22�

The roughness measurements of the biomaterials
were performed using a Tencor P-10 surface profiler
using a micrometric mobile tip with 1 mg force scan-
ning the sample surface [9]. The analysis is done
using a diamond tip that sweeps the surface of the
specimen to follow the profile. A transducer converts
the movement of the tip in value relative height.
The system has a 10 nm depth resolution and 1 µm
lateral resolution during the scanning of the sample
surface. The surface roughness was measured using
the average peak-to-peak distance of the roughness
profile [10].

Results and Discussion

The roughness profiles of biomaterials used in or-
thopaedic dental applications are shows in the Figure
1. The roughness values found are written in the re-
spective figures. The contact angles of human blood
on substrates of biomaterials are shows in the Figure
3. Figure 3.a shows the picture of the wettability of
the substrate of di↵erent Carbons, while figure 3.b
shows the contact angle as a function of roughness:
with increasing roughness of the surface of Carbons is
wettable. In general, the smooth biocompatible ma-
terials used in the medical field do not exhibit strong
friction at contact with the fabric resulting in a flat-
tening of the cells on the surface, while biocompatible
materials with roughness moderate encourage greater
interlocking between bone and surface.
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Figure 1: Roughness profile of a) Steel, b) Alumina, c) Titanium, d) Silica; e) Polystyrene; f) Titanium oxidized
CP; g) PMMA), h) PE.

Figure 2: Contact angles of human blood of di↵erent biomaterials used in orthopaedic, dental applications.

Figure 3: Contact angles of human blood of a) di↵erent type of Carbons; b) Plot of Roughness vs Contact angle.
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Figure 4: Variation of the wettability for ultra pure
carbon, graphite, glassy carbon and pyrolitic carbon
three di↵erent biological liquids.

The variation of the wettability for the di↵erent
type of carbon for the three liquids biological are
shows in the Figure 4. The Figure 4 shows that the
pyrolitic carbon is in contact with the saline solution
and with blood, its surface is more hydrophobic and
therefore is non-wettable compared to the other types
of carbon. Instead in contact with the vitamine E,
which is a liquid is very dense and viscous, the trend
of the wettability is the opposite, resulting instead
the most hydrophilic among all.

Conclusions

The surface of an implantable device, in fact, has
a fundamental importance in prosthetic applications
as the practical use of a biomaterial involves the for-
mation of an interface between the material and the
biological system and is just in correspondence of this
interface that the molecules of the material coming
into contact with the constituents of the di↵erent
tissues. In reference to the case of cardiovascular
implants, in particular of cardiac valves, it is use-
ful to make some considerations on the activities of
interaction to the surface interface. In such inter-
actions are manifested particular phenomena whose
main are: adsorption of the proteins, the formation
of thrombi and coagulation. When a biomaterial is
placed in contact with biological fluids, the water
molecules are close to the area to and are arranged
according to the properties of the surface same, influ-
encing the subsequent di↵usion of the ions present in
biological fluids. The nature of the surface can then
be modified in terms of surface charge due to the
incorporation of ions of opposite sign with respect
to the surface charges. The pyrolytic carbon is still

the most biomaterial used in mechanical heart valves
is due to its properties of hemocompatibility both
for the structural properties, in particular thanks to
the deposition by the sputtering cathode that allows
to create very thin coatings ways fying superficially
substrates without changing the morphology and me-
chanical properties.
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Abstract

In the present work, biopolymer-based novel hydrogels and hydrogels conÞning acetaminophen were developed. Their
structures were investigated using x-ray di↵raction (XRD). TGA-FTIR was employed to assess their thermal properties,
while their mechanical properties were determined by DMA and rheology. Furthermore, the morphology of all systems
was assessed by AFM and SEM.

Keywords: hydrogel, chitosan, acetaminophen, thermal properties, mechanical properties, morphology.

Introduction

Biomaterials used as matrices for drug delivery are
varied, namely ceramics, natural and synthetic [1, 3].
Factors such as integrity, biocompatibility and ßexi-
bility were taken into consideration and lead to em-
ploy hydrophilic three dimensional matrices as car-
rier materials so-called hydrogels. They are water-
swollen, insoluble networks of crosslinked hydrophilic
polymers. Due to their similarity with the extra-
cellular matrix, hydrogels have been investigated for
use in biology and medicine since Wichterle and Lim
discovered them in the early 1960s [4]. Particular
interest in the use of hydrogels in drug delivery ap-
plications has been sparked by their unique physi-
cal properties. Increasing interest is especially ori-
ented to hydrogels made by biopolymers. A major
class of biomaterials is constituted by polysaccharide-
based polymers. Among these, chitosan has been
widely applied in biomedical applications [5, 6]. Chi-
tosan, a natural linear biopolyaminosaccharide is ob-
tained by alkaline deacetylation of chitin, which is
the second abundant polysaccharide next to cellulose
[7]. Chitin is a straight homopolymer composed of
! -(1,4)-linked N-acetyl-glucosamine units, while chi-
tosan comprises of copolymers of glucosamine and
N-acetyl-glucosamine [8]. One drawback of polysac-
charides is their easy dissolution in water. Then, they
cannot form stable hydrogels, limiting their possi-
ble applications as biomedical material. One promis-
ing strategy for their mechanical reinforcement is the
introduction of breakable physical cross-links using
clay. Among clays, montmorillonite, MMT, is the
most widely studied type of clay Þllers; it is hy-
drated alumina-silicate layered clay consisting of an

edge shared octahedral sheet of aluminum hydrox-
ide between two silica tetrahedral layers [9]. MMT
is composed of silicate layers that are 1 nm thick
in planar structure and 200-300 nm in the lateral.
To enhance more the physico-chemical properties
of these biomaterials, dually crosslinked hydrogels
are also synthesized by further including polyethy-
lene glycol diglycidyl ether (PEGDGE) in physi-
cal hydrogels. In this work, physical (CS-MMT),
chemical (CS-PEGDGE) and dual hydrogels (CS-
MMT-PEGDGE) as well as the corresponding ma-
terials embedded by acetaminophen (AC) were pre-
pared and characterized by various techniques. X-
ray di↵raction (XRD) was used to identify the possi-
ble composite structures formed inside the hydrogel.
Their thermal properties were studied by thermo-
gravimetric analysis (TGA) coupled to infrared spec-
troscopy (FTIR). Their mechanical and viscoelastic
properties were achieved via rheology and dynamic
mechanical analysis (DMA). As to their morphology,
it was assessed by means of scanning electron mi-
croscopy (SEM) and atomic force microscopy (AFM).

Materials and methods

Hydrogels preparation

Chitosan (CS) was dissolved in 1.5% acetic acid so-
lution to obtain 3% (w/v) chitosan solution. The
mixture was magnetically stirred at 45 �C for 24 h.
Selected amounts of montmorillonite (MMT) were
added to di↵erent chitosan solutions to reach four
Þnal concentrations of 1%, 2.5%, 5% and 10% (w/v)
on chitosan concentrations and were stirred for 6 h.
To each solution, a speciÞc amount of PEGDGE was
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added to obtain the corresponding dually crosslinked
hydrogels. The chemical hydrogel was obtained by
adding PEGDGE to chitosan solution. To load the
drug within the hydrogels prepared, it was directly
added to the solutions and then crosslinking with
PEGDGE was performed.

X-Ray measurements

The di↵ractograms of the samples were recorded us-
ing a D8-ADVANCE Bruker di ↵ractometer in Bragg-
Brentano geometry using the Cu line " = 1.542 ûA.
MMT Þlm, hydrogels and hydrogels-drug Þlms, were
scanned over the interval of di↵raction angle 2 from
2� to 28�. All measurements were performed at room
temperature.

TGA-FTIR measurements

TGA-FTIR were carried out using a Mettler-Toledo
TGA/SDTA 851e/SF/1100 �C Thermal Gravimetric
Analyzer coupled to IR spectrometer to record si-
multaneously the thermograms and Gram-Schmidt
curves of the samples. All measurements were per-
formed in the temperature range 30�C to 900�C un-
der nitrogen ßow.

DMA and rheological measurements

DMA measurements were performed using a Mettler-
Toledo DMA/SDTA861e in a temperature range
from -120�C to 150�C. Rheological measurements
were carried out at 25�C using using a Malvern
Kinexus rheometer and rSpace software (Malvern In-
struments, Worcestershire, UK) by frequency sweep
(from 100 to 0.1 rad/s).

AFM and SEM measurements

The AFM analysis were realized under ambient
conditions (in air and room temperature) Using a
Nanoscope VIII Multimode AFM (Bruker, Santa
Barbara, CA). SEM measurements were performed
using scanning electron microscope (JEOL 7600 F)
after coating the samples with gold.

Results and discussion

Mixing clay with a polymer results in three kinds
of composites: intercalation, exfoliation and tactoids
[10, 11]. These three conÞgurations were detected us-
ing XRD for all samples, with and without drug, to
determine the interactions between all components

of the systems and assess the structure of all com-
binations. The addition of clay and crosslinking of
hydrogels by PEGDGE was found to increase the
thermal stability of the samples. Acetaminophen was
found to have low stability above 300�C. By incorpo-
rating it in the physical, chemical and dual hydrogels
prepared, its thermal stability increased signiÞcantly.
Thermal stability enhancement was investigated by
TGA-FTIR (Fig 1a).

Besides, the gases evolved from all samples were
detected during time and di↵erences in the struc-
tures as well as their thermal stabilities of hydrogels
were assessed via identifying the di↵erences in the
evolved gases corresponding to speciÞc wavenumbers.
DMA analysis of hydrogel systems allowed us to de-
termine the glass transition temperature (Tg) and
the storage modulus (GÕ) for all compositions, hence
determination of the degree of miscibility and me-
chanical stability of hydrogels and hydrogel matrices
loading acetaminophen. Blends of di↵erent compo-
sition exhibited a drastic change in modulus when
Tg was reached. The Þndings from DMA corrobo-
rated those of rheology (Fig 1b), where the storage
modulus and loss modulus were measured from a fre-
quency sweep. For the determination of mechani-
cal properties of all samples, the e↵ect of clay ad-
dition was stressed. Physically, chemically and du-
ally crosslinked hydrogels and those containing ac-
etaminophen presented di↵erent macroscopic mor-
phologies; chemically and dually crosslinked hydro-
gels with and without drug were soft, however phys-
ically crosslinked ones were harder to solid-like gels.
Scanning electron microscopy analysis (SEM) (Fig
2) and atomic force microscopy (AFM) had been ap-
plied on all samples to identify the morphology of
surfaces of the membranes. Surface morphology is
in terms of homogeneous and heterogeneous surfaces
on one hand and in terms of porous and non-porous
membranes on the other hand. These properties are
strongly related to swelling, mechanical and release
proÞle of acetaminophen from them.

Conclusions

Hydrogels are signiÞcant materials for biomedical ap-
plications, particularly drug delivery. Hydrogels are
more and more designed with additional functional-
ities to release drugs in a controlled way, in other
words at speciÞc time and in well selected organs.
Therefore rigorous characterizations of such systems
are required. Structural, thermal and mechanical
properties as well as the morphology of our sys-
tems were wholly investigated by XRD, TGA-FTIR,
DMA, rheology, AFM and SEM.
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Figure 1: Examples of curves of (a) TGA and (b) rheological measurements of some samples

Figure 2: Examples of SEM images of some samples
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Abstract

Two and multi particle correlations from the decay of sources produced in 12C+24Mg and 12C+208Pb collisions

at E=35 AMeV have been studied by using the forward part (1o < ✓
lab

< 30o) of the CHIMERA multi-detector.

Correlations and invariant mass spectroscopy are used to explore simultaneous and sequential decays of resonances in

light isotopes with Z⇠3-6, produced in peripheral collisions via the break-up of excited quasi-projectiles. Among them

we mention 5Li, 6Li, 6Be, 8Be and the astrophysically important state in 12C decaying into three alpha particles. Results

and future perspectives at the INFN-LNS will be presented.

Keywords: correlations, resonances, Dalitz plots.

Introduction

Heavy-ion collisions at intermediate energy have been
extensively studied to produce nuclear systems un-
der extreme conditions of temperature, density and
excitation energy and they represent the only terres-
trial means to explore the Nuclear Equation of States
(EoS) at low density (⇢  ⇢

0

= 0.17fm�3). The
correlations between di↵erent particles emitted dur-
ing a collision provide important information about
space-time properties of emitting sources produced
and quantitative understanding of reaction dynamics
[1]. Multi-particle correlations are also used to study
the decay of unbound states produced during the dy-
namical evolution of the system [2, 3]. In this re-
spect invariant-mass spectroscopy has become a tool
to explore spectroscopic properties such as spins [4]
but also to evaluate the competition between simul-
taneous and sequential channels in decay of produced
resonances [2, 7]. The CORRELATION experiment,
performed at LNS-INFN of Catania, aims at study
several resonances decay, produced during peripheral
heavy-ion collisions, such as 6Li! d � ↵, 12C! 3↵
and 9B! p� 2↵ . In this contribution we only focus
on the states in 12C; more in particular, we analyze
the Hoyle state [8] due to the recent controveries in
understanding its decay path with respect to direct
or sequential mechanisms.

Experiment and results

Figure 1: Yield of correlated ↵�↵ (upper panel) and
↵� d (lower panel) couples as function of excitation
energy, for 12C+ 24Mg (blu line) and 12C+ 208Pb (pink
line) reactions.
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The 12C beam at 35 AMeV was delivered by the
Superconducting Cyclotron at Laboratori Nazionali
del Sud and INFN of Catania and the charged re-
action products were detected by the CHIMERA 4⇡
multi-detector [5]. To investigate the reliability of
energy calibration, in Fig. 1 the ↵� ↵ (upper panel)
and ↵� d (lower panel) coincidence pairs are shown.
The plots are reported as a function of excitation
energy, Eex=Etot-Q, where Etot is the total kinetic
energy in their pairs center of mass reference frame
and Q is the Q-value for the corresponding decay
channel i.e., 8Be! ↵ � ↵ and 6Li! ↵ � d, respec-
tively. The ↵ � ↵ spectrum shows a narrow peak
centred at 0 MeV corresponding to the ground state
of 8Be (Qvalue =92 keV) and a much broader peak
centred around 3 MeV, corresponding to its first ex-
cited state at 3.03 MeV (2+). The ↵ � d spectrum,
on the other hand, shows a well-shaped peak centred
at ⇡ 2.2 MeV corresponding to the first excited state
of 6Li at 2.18 MeV (3+). In both cases, the low en-
ergy levels are accurately determined, thus showing
a good quality of energy calibrations and a good an-
gular resolution of the detector array. The FWHM
of the peak at 92 keV in ↵ � ↵ correlation amounts
⇡ 70 keV, while FWHM of first peak in ↵� d corre-
lation is about 300 keV. These widths are consistent
with those measured in the experiment of Ref.[7] per-
formed with the same experimental setup. The plot
in Fig. 2 shows the reconstructed parallel velocity
of excited 12C, obtained from center of mass of 3↵
particles detected in coincidence, normalized to the
beam velocity. The ↵ particles resulting from the de-
cay of 12C quasi-projectiles, are selected by requiring
their parallel velocity, Vpar, to be larger than 80% of
beam velocity (region within the red box in Fig. 2).
This criterion restricts the analysis to the peripheral
collisions as it is confirmed by a comparison to sim-
ulations performed with HIPSE model calculations
[6].

Figure 2: Plot of reconstructed parallel velocity of ex-
cited 12C obtained from center of mass of 3↵ parti-
cles detected in coincidence, normalized to the beam
velocity; red box indicates the selected events.

Then information on unstable excited states of
12C may be extracted from the 3↵ correlation func-
tion defined by the following ratio:

1 +R(Eex) =
Ycoinc(Eex)

Yuncorr(Eex)
, (1)

where the coincidence yield spectrum,
Ycoinc(Eex), is obtained from 3↵ particles detected in
the same event (upper panel of Fig. 3), while uncor-
related 3↵ spectrum, Yuncorr(Eex), is built by mixing
particles from di↵erent events. The 3↵ correlation
function reported in lower panel of Fig. 3 shows
two peaks; the first one, centered around Eex=7.66
MeV, corresponds to the Hoyle state (Eth

ex=7.65
MeV, �=8.5 eV) [8]. The second peak, centered at
Eex=9.83 MeV, arises from the overlap of the states
at Eex=9.64 MeV (3�), Eex=10.3 MeV (0+) and
possibly at Eex=9.7 MeV (2+). In order to study
the decay mechanisms of the observed resonances,
possibly disentangling sequential decays from direct
three body ones, we follow a strategy which is similar
to that obtained in Ref.[9].

Figure 3: Yields of correlated 3↵ particles (upper
panel) and 3↵ correlation function (lower panel) ver-
sus excitation energy of12C obtained in 12C+ 24Mg
reactions at 35 AMeV.

In particular we build Dalitz plots with the fol-
lowing coordinates:

X =
p
3(✏j � ✏k), Y = 2✏i � ✏j � ✏k, (2)

where ✏i,j,k = Ei,j,k/(Ei +Ej +Ek) are the ener-
gies of particles in the center of mass reference frame,
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normalized to total energy of three ↵ decay (Ei,j,k

are selected with Ei > Ej > Ek for simplicity of the
symmetry).

Figure 4: Upper panel: Dalitz plot of simulated events
for direct ( 12C⇤ ! 3↵) decay of Hoyle state. Lower
panel: Dalitz plot of simulated events for sequential
(12C⇤!8Begs+↵ ! 3↵) decay of Hoyle state.

The experimental results, are compared to nu-
merical Monte-Carlo simulations filtered through the
geometry and detector response of the CHIMERA
multi-detector. Fig. 4 shows the Dalitz plots con-
structed using simulated events corresponding to di-
rect (12C⇤ ! 3↵) and sequential (12C⇤ !8Begs+↵ !
3↵) decays of the Hoyle state, on the upper and lower
panels respectively. Fig. 5, on the other hand, shows
the same Dalitz plots constructed with experimen-
tal data collected in 12C+24Mg (upper panel) and
12C+208Pb (lower panel) reactions, respectively; they
exhibit a more uniform distribution that does not al-
low us to exclude any of the two decay mechanisms.
For better evaluations, monodimensional ✏i distribu-
tions are used. ✏i is the highest normalized energy
among those of the 3↵ particles decaying from the
Hoyle state. In the case of the sequential decay mech-
anism, the first decay ↵ particle takes away two thirds
of the released energy of 287.6 keV, thus about 192
keV; ✏i should have a peak around 0.5. Instead in di-
rect processes it should range between 1/3 and 2/3,
corresponding to the case of three ↵ particles with an
equal energy and that of an ↵ particle emitted in a di-
rection opposite to that of the other two ↵ particles,
respectively.

Figure 5: Upper and lower panels: Dalitz plots
constructed with experimental data collected in
12C+ 24Mg and 12C+ 208Pb reactions.

Figure 6: ✏i distributions for 12C+ 24Mg (upper panel)
and 12C+ 208Pb (lower panel) reactions, compared
with simulated data. Pink and green lines refer to
simulated events for sequential and direct decays of
Hoyle state, respectively, while solid points represent
experimental ✏i distributions.

On Fig. 6 experimental ✏i distributions (solid
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points), constructed using the data collected in
12C+24Mg and 12C+208Pb reactions, are displayed
on the upper and lower panels, respectively. They
are compared with predictions of the sequential (pink
lines) and direct (green lines) decays of Hoyle state,
determined through Monte Carlo simulations taking
into account experimental e↵ects. The experimental
✏i distributions show a peak typical of a sequential
mechanism, but they have also the tails similar to
the case of direct processes. These results, in both
reactions, suggest a strong contribution of direct de-
cay, a mechanism already observed in in Ref.[7] for
40Ca+12C at 25 AMeV.

Conclusions and perspectives

Multi-particle correlations are under study to explore
the decay of excited states in peripheral 12C+24Mg
and 12C+208Pb collisions at 35 AMeV. As a first
physical system, we focus on 3↵ decay mechanisms
of Hoyle state by using Dalitz plots. The comparison
with Monte-Carlo simulations evidences the contri-
bution of a direct mechanism component, in agree-
ment with results reported in the literature [2, 7].
Similar contributions of sequential and direct decays
exist for the state at 9.64 MeV in 12C. This and other

resonances are under study to understand if di↵er-
ences in decay mechanisms are observed in di↵erent
reaction systems (12C+24Mg, 208Pb), or in data col-
lected in other experiments with heavy-ion collisions.
Among the aim of present study we plan to explore
the possible existence of in-medium e↵ects in nuclear
structure properties.

References

[1] G. Verde et al., Eur. Phys. J. A 30, 81-108 (2006).

[2] F. Grenier et al., Nucl. Phys. A 811 233 (2008).

[3] B. Charity et al., Phys. Rev. C, 52 (1995).

[4] W.P. Tan et al., Phys. Rev. C, 69 061304.

[5] A. Pagano et al., Nucl. Phys. A 734 504 (2004).

[6] D. Lacroix et al., Phys. Rev. C 69 054604 (2004).

[7] Raduta et al., Phys. Lett. B 705 65 (2011)

[8] F. Hoyle, Astrophys. J. Suppl. Ser., 1 121 (1954).

[9] M. Itoh et al., Phys. Rev. Lett., 113 102501
(2014).

20



Activity Report 2015 - Dottorato di Ricerca in Fisica, Universit

`

a di Messina

Correlation between structural and electrical properties of PLD
prepared ZnO thin films used as a photodetector material.

C. Triolo1, E. Fazio1, F. Neri1, A.M. Mezzasalma1, S. Trusso2, S. Panarello1 and S. Patanè 1
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Abstract

The electrical transport properties of a set of zinc oxide (ZnO) thin films, prepared by pulsed laser ablation, were in-

vestigated at the temperatures of 30 K and 300 K. Information about the structural and morphological properties of

the samples were obtained by means of atomic force microscopy (AFM) and X-ray di↵raction (XRD). A significant

variation in the surface morphology and photoresponse characteristics of the ZnO thin films were observed as a function

of the deposition temperature. Upon increasing the deposition temperature, the surface topography changes from a

more ne-grained to a more coarse-grained structure, showing a tetragonal wurtzite crystalline structure. Time resolved

photocurrent measurements showed significantly variations as function of the observed samples morphologies. A pho-

tocurrent value of about three order of magnitude larger is observed for samples showing a more coarse-grained structure

with respect to the fine-grained ones. Such a result is interpreted as due to the contributions of both bulk and defect

centers that a↵ect the conduction mechanisms and influence both the photoconductivity values and the photoresponse

speed. The observed decay times are very long with respect to films grown by other techniques, due to the reduction of

the surface localized centers of defect available for recombination. In this context, the sample morphology appears to be

a key parameter to control the photoconductivity in ZnO thin films.

Keywords: zinc oxide, thin fims, photoconductivity.

Introduction

Zinc oxide (ZnO) is an interesting material that has
been extensively studied for its potential application
as active material in ultraviolet photodetectors, in
photovoltaic devices such as transparent conducting
electrical contact, light-emitting diodes (LEDs), sen-
sors and UV laser source [1]. The electrical trans-
port properties of single-crystalline ZnO are strongly
dependent on the UV illumination and adsorption
of chemical species as well. Thanks to its bandgap,
the ZnO is a good candidate to substitute the GaN
in some of the applications listed above. The lat-
ter, in fact, has the same wurtzite crystal structure,
comparable lattice-constants and band gap. How-
ever, there are some important di↵erences: Zn is rela-
tively abundant (unlike Ga) and it has a much larger
exciton binding energy (60meV) compared to GaN
(21meV). For these reasons, nanostructured ZnO is
more suitable to be used in emitter devices. An-
other interesting property is its UV sensibility. In
the last years, the UV photoresponse of ZnO films
obtained by di↵erent deposition techniques and an-
nealing processes, has been investigated. The ma-
terial microstructure can be tunes as a function of

the growth conditions. Depending on the deposition
methods and conditions, structural defects (such as
vacancies and/or interstitial sites) can be introduced
or eliminated. Thus, the surface morphology and the
amount of absorbed oxygen at the surface and in the
bulk, and hence the UV photoresponse, can be can be
strongly a↵ected upon the deposition conditions. In
particular, the oxygen molecules concentration at the
surface and grain boundaries is strictly dependent on
the surface morphology, while oxygen adsorption and
desorption processes control the photoresponse pro-
cess and its speed. Fast response and short switching
time under UV excitation together with high sensi-
tivity are the main characteristics required to a good
photodetector. In this frame, samples obtained with
many di↵erent deposition techniques have been stud-
ied [2]. Sharma et al. [3] proposed a study of porous
ZnO thin films prepared by unbalanced magnetron
sputtering technique. These films are characterized
by an enhanced UV sensibility in comparison to thick
lms, but the response speed is very slow. In an e↵ort
to overcome such limitations and to explore new ar-
eas in the material engineering, ZnO thin films were
prepared by means of pulsed laser deposition (PLD).
PLD is a versatile technique that allows the synthe-
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sis of relatively good ZnO films in a simple and con-
trolled way. The correlation between photoconduc-
tivity, crystallinity and microstructure is still opened
and controversial. In this work, we present the re-
sults of a study on the photoresponse mechanisms
of ZnO thin films prepared by PLD at di↵erent sub-
strate temperature. Taking into account previous re-
sults on the optical and structural properties of the
ZnO samples [4], it is of fundamental importance to
disclose the correlations between grain size and crys-
tallinity as well as to identify the electrical defect
types in the ZnO films and their role on the electri-
cal transport properties.

Experimental section

The films were deposited by means of pulsed laser
ablation of a metallic zinc target in a controlled oxy-
gen atmosphere (PO2 = 10 Pa), varying the depo-
sition temperature between 300K (RT) and 723K.
At the adopted oxygen pressure of 10 Pa and focus-
ing conditions at the interface between the plasma
and the ambient gas a shock wave develops, the high
temperature and pressure values the characterize the
shocked region favor oxygen dissociation and forma-
tion of ZnO species. Further details on the deposi-
tion process are reported in Ref. [4]. X-ray di↵rac-
tion (XRD) patterns were recorded using a Bruker
D8 advance X-ray di↵ractometer with the Cu K ra-
diation while the surface morphology of the lms was
tested by an atomic force microscope (AFM) mod.
Explorer by VEECO working in contact mode. The
electrical and photoresponse measurements were car-
ried out using the volt-amperometric method at con-
stant voltage (V=10V). To this purpose, aluminum
(Al) was used to obtain an ohmic contact. The elec-
trodes (40nm thick), in a straight coplanar geometry
at a mutual distance of 0.5 mm, were deposited by
a thermal evaporation in vacuum at 1.310-3 Pa. A
pulsed Nd:YAG laser ( = 355 nm, power density P
= 180 W, pulse time 1 ns and frequency 11 KHz)
was used as light source to perform photoresponse
measurements. Photocurrent transient times of the
ZnO samples are order of magnitude slower than rep-
etition time of the laser so that it acts as a CW
source. The induced current was recorded by a Keith-
ley model 6485 electrometer. Measurements were
carried out at 300K and 30 K using a helium based
cryogenerator at pressure of about 103 Pa. The tem-
perature inside the cryostat is monitored by a CLTS
sensor glued to the sample holder and connected to
a multimeter (Hewlett Packard model 3457A). The
photoresponse measurements consist of two steps: in
the first one the rising of the current photoinduced
by UV radiation is measured, in the second one the
current decay after UV excitation removal.

Results and discussion

The structural and morphological properties of the
ZnO samples have been already reported elsewhere
[4]. The deposition temperature is a critical parame-
ter that significantly modify the surface morphology:
a relatively smooth surface characterizes the sample
grown at the lowest temperature while the lm de-
posited at 723 K shows irregular and rough surfaces.
At the same time, the grains size increases from 8.7
nm up to 34.7 nm upon increasing the deposition
temperature (Td). Concerning the crystal orienta-
tion, XRD spectra are characterized by two di↵rac-
tion peaks (101) and (002), which correspond to the
standard di↵raction pattern of wurtzite zinc oxide.
As shown in fig. 1, Td strongly influences both the
amount of crystalline material and the preferred ori-
entation. In fact, having all the samples the same
thickness, the area under the (101) and (002) XRD
peaks is proportional to the amount of the crystalline
phase.

Figure 1: Crystalline quality and orientation of the
deposited ZnO thin films calculated by XRD

The sample deposited at RT is mainly charac-
terized by an amorphous structure. The increase of
Td favors the growth of defined crystalline structures
and supports one orientation of growth. The crys-
tals obtained at 423 K mainly have a (101) orien-
tation whereas at 573 K the most likely orientation
was the (002) (see the bar graph inset). In order
to found a correlation between morphological prop-
erties and electrical transport response of the films,
photoresponse measurements with (ON) and without
(OFF) UV light were performed. The photocurrent
as a function of the time, recorded at RT and 30K,
is reported in fig. 4 for the samples deposited at RT
and 723K, respectively. The curves are character-
ized by two distinct trends. The current increases as
long as the sample is illuminated with UV radiation,
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reaching a saturation value. The photocurrent satu-
ration values showed by the sample deposited at RT
(ZnO1) are approximately three orders of magnitude
lower than those measured on the lm deposited at
723K (ZnO4). A similar behavior (not shown) was
observed for the samples grown at 423K and 573K
that exhibit photocurrent values as high as 800A and
2000A, respectively. As soon as the excitation is re-
moved, the photocurrent decays with a time constant
that depends on the measurement temperature. The
photoconduction mechanism in metals oxides is re-
lated to processes that occur both on the surfaces
and in the bulk, as reported in refs. [5]. The ex-
perimental photoresponse curves were analyzed by
means of a best-fit procedure to describe the cur-
rent flowing through the sample during the illumina-
tion. Instead, to describe the current behavior during
the dark phase the use of two exponential functions
is needed, indicating two di↵erent mechanisms that
work at the same time. The results of the fitting
procedure are shown in fig. 2: the green and the
red lines describe the current behavior during the
UV illumination and the decay phase, respectively.
The calculated time constants are reported in Table
1 and 2 for UV illumination and dark phases respec-
tively. As expected, the estimated time constants
for UV illumination phase and for the current de-
cay, when UV radiation is removed, are longer. In
particular, the sample ZnO1, being characterized by
very small grains, can store a larger amount of ad-
sorbed oxygen at the grain boundary that allows a
higher amount of charge carriers. The formation of
potential barriers among nearby grains, due to the
oxygen ions that favors the presence of trap-levels,
results in a slower response speed and a worsening of
the UV sensitivity of the sample. This behavior is
even more evident at 30K, because the low temper-
ature slows the emptying process of the trap-levels.

Figure 2: The photocurrent values as a function of
time for the samples deposited at RT and 723 K. The
measurements were recorded at the temperature of RT
and 30 K.

On the contrary, the samples deposited at higher
temperature are characterized by a larger grain size,
hence a reduction of the traps level is expected with
a faster response time.

The current decay needs to be described by two
mechanisms: the first one is related to the electron-
hole recombination process through the chemisorbed
oxygen in the bulk; the proper decay time of this
mechanism is essentially independent on the grain
sizes. Moreover, the values measured at 30K (see
Table 2 for ! 1 values) are comparable to the times ob-
tained at RT, showing that this mechanism is temper-
ature independent. The second decay time is due to
the electron-hole pair recombination process through
the chemisorbed oxygen and the defects at the sur-
face. This process is generally slower than the bulk
one. The decay times increase with the deposition
temperature (see the ! 2 value reported in Table 2).
This can be explained taking into account that the
amount of chemisorbed oxygen at the surface is lower
at higher deposition temperature. Moreover, at 30K
the increase of decay time ! 2 indicates the presence
of defects related electronic states working as traps.

Conclusions

Zinc oxide (ZnO) thin lms were prepared by means of
pulsed laser deposition technique varying the deposi-
tion temperature from RT up to 723K. The electrical
transport properties were investigated at the temper-
atures of 30 K and 300 K. A signicant variation in the
surface morphology, crystallinity and photoresponse
characteristics (in term speed and UV sensitivity) of
the ZnO thin lms were observed. The photoconduc-
tivity is mainly ascribed to two mechanisms: the first
one is related to the interband conduction, the sec-
ond one is associated to the presence of defects and
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oxygen chemisorbed at the surface that lead to the
formation of electronic trap-levels and recombination
centers. The films characterized by smaller grains
showed a lower UV-sensibility and slower response
speed, due to a larger amount of oxygen adsorbed at
the grain boundary. These oxygen adsorbed ions at
the surface introduce a greater number of potential
barriers that increase the electrical resistivity (in the
dark condition) and reduce the sensitivity of the sam-
ple. On the contrary, a larger grain size reduces the
overall surface available to chemisorb oxygen, lower-
ing the electronic trap level density, improving the
carriers transport e�ciency. Thus, spiropyran has
very special optical features and its nano-structuring
opens the door to further engineering of the electro-
magnetic field and more generally to design nano-
optics devices where lithography at the nanoscale is
a keyword.
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